1.
Introduction.
Modern heavy-ion accelerators allow us to study the behavior of rapidly rotating nuclei. Much effort has been devoted in the last fifteen years both on the experimental as on the theoretical side to understand the rotational spectra of bands in the vicinity of the yrast line. A number of anomalous phenomena have been observed is this area and it turned out that they can be explained as an interplay of collective and single particle degrees of freedom: Alignment phenomena of one or several particles caused by the strong Coriolis field of the rotating core give us the essential key for a understanding of these phenomena. The most famous example is backbending in the discovered in the early seventies in the Rare earth region 1 ), which can be understood by the Stephens-Simon effect 2 ) as a sudden alignment of two neutrons in the i13/2 orbit. At the same time one has seen strongly disturbed bands 3 ) and decoupled bands 4 ) in odd mass nuclei, which are characterized by the alignment of a single particle in the intruder orbit. Later on one has observed additional alignment phenomena, such as the alignment of h11/2 protons 5 ), the alignment pattern in triaxial shapes 6 ,7) or the alignment of one of the particles in an excited two-quasiparticle band (hybrid bands B ,9».
In all these cases the alignment is caused by Fermions, namely neutrons or protons in intruder orbits with a large single particle angular momentum.
On the other side collective nuclear excitations have also been described in terms of Bosons. In negative parity excitations, which we concentrate on in this paper, octupole Bosons playa crucial role. Most of the low lying low spin negative parity states in heavy deformed nuclei have been described as collective octupole vibrations, i.e. one-Boson excitations on the groundstate. Octupole Bosons carry 3 units of angular momentum. In the 2 Coriolis field of the rotating core they therefore feel a tendency to align, just as the single Fermions in the high spin intruder orbits 10). Because of the smaller amount of angu,lar momentum the corresponding Corio1is matrix elements are nearly a factor 2 smaller as in the case of i 13/2 particles, but they are even at small angular velocities on the order of the splitting of the band heads with the quantum numbers K = 0, 1, 2, a, i.e. the Coriolis force, which drives alignment overcomes already in the region of not too high spins the residual interaction of the deformed field of the core, which tends to couple the octupole vibration along the symmetry axis. In a pure Boson picture one therefore finds pretty soon a value of 3~ for the aligned angular momentum ' 1 ,12) .
In real nuclei, however, collective excitations consist of linear combinations of two-quasiparticle states. In a negative parity state, one of these Fermions sits in the high spin intruder orbit, i.e. in the Actinides in the i 13/2 orbit for protons or in the j1SIS orbit for neutrons. It therefore feels itself a strong Coriolis force, which tries to align it parallel to the rotational axis. At low spins this individual particle alignment ;s prevented by the relatively strong octupole correlations in the pair. It couples the two particles to spin 3~. Obviously the spins of the two partners are then antiparallel, similar to the particles in a Cooper-pair, where the partners are coupled to spin" zero. With increasing spin, however, the Coriolis force will become strong enough, to break the 3 pair, just as one Cooper-pair is broken in the backbending region. The question arises therefore, at which spin values this individual pair alignment will occur. Are the octupole correlations strong enough, to keep the octupole Boson together up to spin values large enough that we can observe the rotational alignment of the Boson, can describe the alignment process properly, since it is well known that the particle-plus-rotor model is not able to describe the particle alignment quantitatively because of the missing attenuation of the Coriolis force 3 ,23), this method does not include the degree of freedom of individual particle alignment, i.e. the collective pair is never broken. P.Vogel therefore introduced a different method 10): he coupled two particles to the rotor 4~ in the sense of the Stephens-Simon mode1 2 ). Octupole correlations are introduced by a residual octupole-octupole force, which is diagonalized in the two-particle space. This method includes in principle all the important degrees of freedom, the attenuation problem is however not solved and it requires a considerable numerical effort, since the number of two-particle configurations, which is needed for a microscopic description of the aligning for protons and neutrons (~ = 1I',v) 7 The first step is the calculation of the mean field. We assume that it preserves parity, i.e. we do not consider stable octupole deformations, which is a reasonable assumption in the region of nuclei under consideration. We thus find for the groundstate a deformed and superfluid mean field of the form:
The parameters (32 and (34 for quadrupole and hexadecupole deformation and the gap parameters Ap and An depend in principle on the strength parameters of the residual interaction. In order to avoid additional (4) parameters in our model, we use, however, the experimental values given in Table 1 . We also neglect stretching and Coriolis-anti-pairing effect, i.e. we k<k' kk' ( 6) <0> is the expectation value of 0 in the rotating shell model. In terms of
Bosons operators t Akk ' it has the form
Inserting these representation for the operators E, J and 0 in the
Hamiltonian (1) and taking into account only up to quadratic terms in the Boson operators A~k' we find in the rotating frame:
where Ek are the quasiparticle energies, the eigenvalues of the operator Hw we use a separable interaction. Using the Brown-Bolsterli trick 3l ) we end up with a nonlinear eigenvalue problem, whose dimension is just the number of separable terms in the Hamiltonian: (11 ) where the energy dependent matrix S is given by 20* 02 (12 ) and the quantities d P are defined as the 0 -strength of the corresponding p p eigenstate: (13 ) In order to find the proper normalization we have to calculate the RPA-amplitudes:
and (14 ) which are normalized to one (15 ) In the present case we are only interested in excitations with negative parity. Therefore we have only the octupole operators Q3~ in eq. (12).
Signature symmetry decomposes the matrix S, whose dimension is 7x7 into a 3x3 matrix with positive signature (K = +1. +2, +3) and a 4x4 matrix with negative
We calculate in each case the few lowest e;genstates.
For each value of the cranking frequency w we obtain in this way a number of excitations, which form as a function of w rotational bands "parallel" to the yrast line. In order to obtain discrete energies for fixed values of the angular momentum we have to use the cranking condition: (16) for each one-Boson state I~>. 1 c is a core moment of inertia, which takes care of the fact, that our configuration space is too small as to reproduce the full experimental moment of inertia. It has been adjusted to the . . For large angular momenta, where K-mixing occurs it is small against 1(1+1) and can be neglected. We are therefore never faced with the problem to calculate the expectation value of this two-body-operators.
The Cranking condition (16) 
understanding of the experimental alignment patterns. Without it we would ~ . .
• 13 obtain in all cases a very early individual particle alignment, we would not find in our theory the alignment of the unbroken octupole Boson.
A In Fig.1 we show the overlap of the octupole state with the spurious states characterized by P y aAd P z for the K = 0-bands (the corresponding quantity for P x vanishes identically in this case). It stays in all cases below 5%. At zero angular momentum only P z contributes. With increasing angular momentum we find because of the K-mixing also contributions of P y . They stay however for ,all angular momenta smaller than 1%. We therefore understand, why the'correction for spurious admixtures has so little influence on our results. In general such a correction turned out to be unnecessary.
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Numerical Results
As we discussed in section 2, the calculation has been carried out in two steps:
In the first step the basis of the rotating shell model (RSM) is determined. We used for this purpose the HFB-wave functions and the quas;-particle energies determined in ref. 30 . There the RSM-equations are solved by the gradient method. We therefore have for each angular momentum at the yrast line Iyrast' the corresponding angular velocity w ( Table 2 ). In the following we use Iyrast as reference. We have to keep in mind, however, that the angular momentum of the corresponding one-Boson states can differ from this value.
In the second step we transform the octupole operators to the rotating quasiparticle bases. In particular we use the following form of the residual interaction in the negative parity channel
with the operators (21 ) 
(Y r Y ) ~ml ata 31~1 -~ 3-1~1 ~ m ml (23) The interaction (21) depends on two parameters: The factors ~ determine the Different values for n were used: n = 0, 1, 2. In Table 3 
The values for x3K 3 = x3KA are given in Table 4 . For all three nuclei we "
. . In Fig.2 we show theoretical and experimental spectra for the low lying bands with negative parity in the nuclei 232 Th , 236 U and 238 U . The theoretical energies are obtained according to the prescription given in eq. (20) . In view of the fact, that we adjusted only the band heads and use only one parameter n = 2 for all tree nuclei the overall agreement between theory and experiment is rather satisfactory.
In order to see the alignment pattern more clearly we have to go more into the details: In Fig.3 we show as an example the low lying uncorrelated two-quasiparticle energies in.the RSM for negative signature as a function of the Yrast angular momentum (the corresponding angular velocities are given in Table 2 ). For the characterization of the q~asiparticle components the following notation is used: p,n means proton or neutron with signature +i, In detail we find. that we have to take the Cranking condition fully.
Because of the large single particle angular momenta involved in aligning configurations the linear approximation commonly used in CRPA theory26) breaks down here. .. ' .. ' ./ 
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